Background: Cardiopulmonary resuscitation is usually taught in universities through theoretical lectures and simulations on mannequins with low retention of knowledge and skills. New teaching methodologies have been used to improve the learning, placing the student at the center of the process. Likewise, the outside community knows next to nothing about cardiopulmonary resuscitation. Patients who have an out-of-hospital cardiac arrest will die if the effective maneuvers are not promptly done. Learning by teaching could be a way to answer both requirements. It was therefore decided to evaluate whether the medical students' cardiopulmonary resuscitation performance would improve when they teach other people, and if those people could learn with them effectively. Methods: A non-randomized controlled trial was designed to assess whether teaching Basic Life Support would increase students' learning. Socially engaged, seeking to disseminate knowledge, 92 medical students were trained in Basic Life Support and who subsequently trained 240 community health professionals. The students performed theoretical and practical pre-and post-tests whereas the health professionals performed theoretical pre-and posttests and one practical test. In order to assess the impact of teaching on students' learning, they were divided into two groups: a case group, with 53 students, reassessed after teaching health professionals, and a control group, with 39 students, reassessed before teaching. Results: The practical students' performance of the case group went from 13.3 ± 2.1 to 15.3 ± 1.2 (maximum = 17, p < 0.001) and theoretical from 10.1 ± 3.0 to 16.4 ± 1.7 (maximum = 20, p < 0.001) while the performance of the control group went from 14.4 ± 1.6 to 14.4 ± 1.4 (p = 0.877) and from 11.2 ± 2.6 to 15.0 ± 2.3 (p < 0.001), respectively. The theoretical performance of the health professionals changed from 7.9 ± 3.6 to 13.3 ± 3.2 (p < 0.001) and the practical performance was 11.7 ± 3.2. Conclusions: The students who passed through the teaching activity had a theoretical and practical performance superior to that of the control group. The community was able to learn from the students. The study demonstrated that the didactic activity can be an effective methodology of learning, besides allowing the dissemination of knowledge. The University, going beyond its academic boundaries, performs its social responsibility.
Background
In Brazil, in recent years, a new governmental educational policy, called "More Doctors Program", has sought to increase the number of doctors and their better distribution throughout the country, through rural medical schools [1, 2] . One of the stages of the process was the expansion of the number of places and the creation of new medical schools, moving away from the traditional Flexnerian teaching model [3, 4] , through a great reform emphasizing active methodologies of teaching and learning [5] , focusing on the students and at the service of the communities [6, 7] . In this scenario, in the implementation of one of these new medical schools, theoretical references were looked for that could support methodologies capable of increasing students' acquisition, retention and transfer of knowledge, linked to the fulfillment of social demands [8] . Based on andragogy [9] the teaching-learning methodology [10] [11] [12] was chosen as a way to increase students' knowledge within higher levels of the Miller pyramid [13] , as well as to meet the needs of the local community.
One of the demands of the basic health unit professionals was an urgency and emergency training course. Due to the great practical repercussion and the availability of equipment (mannequins) at the university, cardiopulmonary resuscitation emerged as a course option [14] [15] [16] . In Brazil, the teaching of cardiopulmonary resuscitation techniques, Basic Life Support (BLS), has not traditionally been carried out during high school, only being taught at universities or vocational courses [17] . In the medical curriculum adopted for this new school, the BLS teaching takes place in the second term of the course, with the use of simulation, and the students will have another contact with it in the modules aimed at emergencies in the 8th and 11th terms, in practical scenarios. Some students, after the second period, begin to develop extension activities related to medical urgency and BLS.
Cardiopulmonary resuscitation is capable of enhancing people's survival in dramatic cases, whose outcome would inevitably be death [18] . In cardiac arrest, the elapsed time is inversely proportional to the chance of survival [19] . On the other hand, cardiopulmonary resuscitation, if performed adequately [14, 19] , has the potential to prolong the patient's life, while waiting for adequate help to arrive,. There is evidence that community-based training in BLS, even in countries with less economic resources, is an effective intervention to improve public health, especially in ensuring the "chain-of-survival" [15] .
Universalizing the cardiopulmonary resuscitation skills has great social relevance [20] [21] [22] . Medical students have already proved to be a group with great multiplier potential in disseminating BLS techniques to various social groups, such as secondary students, health professionals or the community in general [21, 23, 24] . The university, in the exercise of its social responsibility, must seek alternatives for continuing education, maximizing the performance of the students and the community [25, 26] .
This study used the methodology of learning by teaching in cardiopulmonary resuscitation and assessed whether the students' performance (knowledge and skills) would increase after going through the activity of teaching others, and at the same time, those skills could be disseminated within the community.
Methods
Second-term medical students at a Brazilian university were trained in cardiopulmonary resuscitation techniques following BLS precepts. After that, they empowered community members by giving them a theoretical and simulated BLS course [21, 27, 28] . An initial pilot study demonstrated a very positive result [29] .
A non-randomized controlled trial with case and control groups was designed, assessing students' performance through theoretical (cognitive) and practical (skills) tests, pre-and post-type, in which the intervention was the act of teaching other people. In turn, the people who learned were also assessed (Fig. 1) .
The inclusion criterion for the students was to be in the second term of the medical course. For the members of the community it was to work in the places where the students usually practice and also to volunteer to participate. Exclusion criteria were: less than 18 years of age, physical weakness (permanent or temporary) that compromised the performance of resuscitation maneuvers and illiteracy.
Students
Initially, the students (from the case and control groups) performed a theoretical pre-test of 20 multiple choice items with five alternatives each, on BLS. This test was developed by a university professor with experience in Medical Emergency, certified by Advanced Cardiovascular Life Support (ACLS) as a provider, and then reviewed by another professor with similar experience and applied to volunteer students who did not take part in the project. Subsequently, the same test was applied to a group of students that constituted the pilot design of this study. All case and control students learned BLS and first aid according to the American Heart Association [14] , by a teacher approved in the ACLS provider course. Each student attended 26 h of theoretical classes and simulations and took four hours of assessments. In the classroom, they clarified doubts and had access to the simulation laboratory. In the end, they performed the first practical assessment in which they were required to attend, as a single rescuer, a victim (a realistic simulation mannequin of medium fidelity) in cardiopulmonary arrest, with an automatic external defibrillator (AED) training and a ventilation bag-mask. The station had an average duration of seven minutes. The assessor, another teacher also approved in the ACLS, did not participate in the students' training classes. The performance in the practical assessment was measured by a checklist consisting of 17 items [30] followed by feedback [31] .
For the next stage, the students were divided into two groups: the case group (53 students from 3 classes) and the control group (39 students from 2 classes). The whole project took two and a half years and the five classes were divided, not randomly, into case-control-case-control-case, respectively. As the students' activities were part of the curriculum, it was not possible to randomise the students into case and control in the same class because it could generate different conditions among learners in the summative assessment of the course.
Case group
After 30 to 45 days of the first practical assessment, and with no other contact with BLS since then, the case group, subdivided into groups of four to nine students [32] taught BLS to groups of 10 to 25 people in the community in two-shift courses of four hours each, with two low-fidelity mannequins, one AED and two bag-mask devices. The students had autonomy in the preparation of the courses. They also prepared posters and booklets containing information on BLS and distributed them to the participants. An observational teacher followed and assessed the student activity (global rating scale) of 9 items, with answers on a Likert scale: from 0 to 10, assessing clarity and objectivity, self-confidence in the presentation, practical skills, ethics, care with course Fig. 1 Illustrations of the different stages and assessments and their order applied to students (case and control groups) and community materials, teaching competence, interpersonal skills in relation to their peers, the community members and the basic health unit professionals [33] .
The case group students, 15 to 30 days after the end of the course given (60 to 75 days after the first practical assessment), carried out the theoretical test of 20 items, the same as the pre-test, but with the items arranged in a different order, and the second practical assessment, the same as the first with checklist [30, 31] . Finally, they performed a self-assessment [34] about their performance in class and their performance in the teaching activity, with a total of 14 items being assessed on a Likert scale from 1 to 5.
The self-assessment and the global rating scale were each weighted out of 10 in order to make both the calculations and comparisons easier. Students and observer teachers were unaware of the case or control status of the classes.
Control group
The control group received the same BLS teaching as the case group and were submitted to the theoretical pre-test and the first practical assessment [30, 31] . Then, they also prepared posters and booklets explaining BLS [10] . However, after 50 to 70 days of the first practical assessment, and without any other contact with BLS since the last assessment, a new theoretical assessment (theoretical post-test) and the second practical assessment were carried out. Both assessments were the same as the first, as in the case group. One week after this assessment, they taught BLS to the members of the community (crossover), being assessed by the observer teacher (global rating scale) [33] . After doing this, they performed the self-assessment [34] , as in the case group.
All activities of the students were curricular educational activities being carried out within the school hours. All students performed satisfactorily within the educational module (> 60%). A single assessor followed all the practical assessments.
Community (health professionals and laymen)
The community members consisted of health professionals (nurses, nursing technicians, community health agents, dentists, and ambulance drivers) together with laymen nominated by the local public health authority who were interested in attending the BLS courses provided by the students. These people were given the necessary guidance about the project before signing the free and informed consent form. The courses took place in two shifts of four hours, in two subsequent weeks, with a third shift for theoretical and practical assessment, totaling 10 h [27, 28] . These activities occurred, preferably, in the health units, during working hours as a training activity. They performed the theoretical pre-test of 20 items (the same of the students'). Then the courses started and on the third day, without the students' presence, they carried out the assessments: theoretical post-test (the same as the pre-test, with the questions in a different order) and the only practical assessment (similar to the students' , with checklist) followed by feedback [30, 31] . The graduates of the course received a certificate from the university. The theoretical post-test and the practical assessment occurred between 10 and 20 days after the pre-test.
All participants were made aware of the research objectives and their stages, signing the consent form with full agreement. The assessments were individual, in reserved places, and the results were only known to the assessor and the individual being assessed, thereby ensuring confidentiality.
Data were analyzed using IBM SPSS Statistic version 20. All variables were tested for normality using the Shapiro-Wilk test, which is considered a robust test to determine whether the data are parametric or not. Parametric independent variables were compared by the Student's T test (comparing the means of the independent groups) and the independent nonparametric variables by the Mann-Whitney test (comparing the medians of the independent groups). In the parametric paired variables, the paired Student's T test was used (comparing the means of the dependent groups) and for the nonparametric related variables, the Wilcoxon signed-rank test was used (comparing the medians of the dependent groups). Statistically significant difference was considered when p < 0.05.
Results
Ninety-two students from the second term of the medical course (mean age ± standard deviation: 20.4 ± 2.1 years, 34% men and 66% women) from five classes participated in at least one of the research stages. Three classes (53 students) constituted the case group (20.6 ± 2.4 years, 40% men and 60% women) and two classes (39 students) the control group (20.1 ± 1.7, 26% men and 74% women). Community members (n = 240; 40.9 ± 10.3 years, 29% men and 71% women) participated in at least one of the stages, of whom 65 were community health agents (27%), 60 nursing technicians (25%), 43 drivers (18%), 24 higher level professionals (nurses, dentists, social workers, psychologists and educators (10%) and 48 other middle and fundamental level professionals (20%).
The number of individuals varied in the different stages and assessments performed which occurred on different days. Despite that, 34 case group students, 35 control group students and 155 community members participated in all the stages and assessments.
The students' performance in the case group was compared to that of the control group in the different assessments performed (Table 1) .
The students' performance (case and control) was also assessed through paired analysis before and after tests ( Table 2 and Fig. 2) .
The performance of the community in the theoretical pre-test and in the practical assessment was compared with that of all the students (case plus control groups) whereas the theoretical post-test and the variation of the theoretical gain (post-test minus pre-test) were compared separately with the case and control students (Table 3) .
Of the 240 people in the community, 155 performed both the theoretical pre-and post-tests, with a mean of 7.9 ± 3.6 and 13.3 ± 3.2(maximum = 20), respectively (p < 0.001). There was no difference in the theoretical performance of the community that was taught by the case or control group (p = 0.113). The same occurred in the practical assessment (p = 0.833).
The perception of the participants, community and students, after the activities, regarding their own use and related experiences, are demonstrated in Fig. 3 . The students' results are divided into the case and control groups. The first responded after the teaching experience and the second before it.
Discussion
The students in the case group obtained cognitive and skills performance superior to that of the control group, measured by the theoretical and practical pre-and post-tests. This corroborates the studies that also used medical students to teach BLS techniques [23, 24] .
However, in general, the studies with medical students acting as BLS trainers do not measure the impact of the didactic activity [21, 22, 35] . In the literature, only one study [23] presented a similar methodology with students teaching children and measuring the gain of knowledge and skills. Nevertheless, in that study, the case group had to teach after attending a BLS course, while the control group neither had to teach nor attend the BLS course. The superior gain in the performance of the case group may have been both because of the course and the teaching experience. This possible bias was avoided in the present study on account of the methodological design.
Here it was possible to measure the gain of knowledge and skills of the learning by teaching and to reach a higher level within the Kirkpatrick scale, going beyond the assessment of the reaction after the activity [36] . A greater retention of knowledge and skills with the teaching practice was demonstrated, resulting in a significant increase in the case group learning, as verified by the difference obtained in the practical assessments.
Besides this, the two groups of students have benefited from the training experiences, behaved similarly in self-assessment, and were equally well assessed by the teacher who did not participate in the process.
During the research, there were reports of community participants who, in a real situation of cardiopulmonary arrest, were able to employ BLS. Although those were occasional reports, it is believed they were a sign that the intervention altered the way they act, which would correspond to Kirkpatrick's level of action, though this was not the focus of this study.
Being a usual curricular activity for the students, it was possible to maintain a homogeneous group, with the majority of the participants present in the stages and assessments [24] . However, in the community group, although they were volunteers and were released from their usual work to participate, their attendance oscillated at different stages. Three different days of activities greatly contributed to absenteeism. The posters, the course booklet and the certificate were motivational elements used to attract the community, but personal factors related to work and holidays prevented the maintenance of the same number of individuals at all stages. Variations in the attendance of the members are common facts in studies involving human beings [23] .
Due to difficulties related to the school calendar, which changed as a result of holidays and strikes, theoretical and practical re-assessments did not occur in an equal period of days among the five participating classes. The three classes in the case group were re-assessed between 60 and 75 days of the first assessment, and the two classes of the control group between 50 and 70 days. Group n x ± s p value However, the authors did not consider that this difference could have affected the groups. The students' performance in the second assessment, theoretical or practical, was higher than the first one, except in the practical assessment of the control group. This shows that the theoretical and simulated classroom training were sufficient to improve students' theoretical performance (cognitive). However, when the act of teaching was associated the case group achieved superior performance. As the assessment instrument was the same in the theoretical pre-and post-test, familiarity with the instrument itself and learning from one's own mistakes may have been a way of improving performance, regardless of the training received in the classroom or the act of teaching. On the other hand, the same was not observed in the practical assessment. The control group, who had received the preparation to teach while they prepared posters and booklets [10] , presented similar performance between the first and second practical assessments, although both used the same simulated station followed by feedback, without improving resuscitation skills [37, 38] . The case group presented a much better performance in the second practical assessment. The best explanation for this difference between the groups is the intervention performed: teaching BLS to others. It is interesting to highlight that the feedback was not shown as an effective tool capable of improving the skill, even when well delivered (based on direct observation, immediately after the assessment, beginning with the learner's self-assessment, focusing on performance) [31] .
At the same time, the study served to disseminate BLS to the members of the community. Other studies have Mann Whitney e Nonparametric The first practical assessment was the practical pre-test and the second one was the practical post-test already demonstrated the potential multiplier of teaching BLS to teachers and health professionals [39, 40] . The community, with professionals of different school levels, but predominantly secondary school level, presented a lower performance in the theoretical pre-test, theoretical post-test and practical assessment compared to the medical students, maybe because of their different educational background. However, in the theoretical range variation (post-test minus pre-test), there was no difference between community and case group. This is probably due to the good performance in the post-test of the case and the poor performance in the community pre-test, affecting the range of test variation. It should be noted that students had more classes and training than community members, with access to the simulation laboratory and the monitors' help during their classroom training, which may have contributed to their performance. Another reason is that students' scores were part of the curricular unit (summative assessment). A certificate of participation was offered for members of the community, regardless of their performance, which would fatally increase absenteeism in the activities, compromising one of the foundations of the study, which was the promotion and dissemination of resuscitation techniques. The theoretical performance of the community increased after the course, demonstrating that students were efficient in the teaching task. There was no difference between the performances of the professionals who were taught by the case or control groups. The perceptions related to the activities performed were assessed by a questionnaire applied concomitantly to the theoretical post-test, thus, at different times in the two groups. In the case group, this questionnaire was applied after teaching and in the control group, before. As for the ability to apply knowledge and skills about BLS in a real situation, 94.6% of community participants felt capable after attending the course, as did 100% of students in the case group. In the control group, with only classroom learning and answering the question about 60 days after learning BLS and before teaching, only 73% felt able to perform these techniques. The degree of confidence in the ability to perform BLS is related to the way it is taught [41] . As for the sufficiency of the lessons for learning, more than 87% of the members of the three groups answered it positively. Concerning the perception of the ability to teach others, there was a great difference between case (97.1%) and control (62.2%), since the first one answered after and the second before teaching. Teaching has brought more security and confidence to students. The three groups pointed out the practical classes as the most important for the course, highlighting the simulation with the use of mannequins. The community, being asked if they would attend other courses performed by the medical students, answered with 98.8%. in the affirmative. These data corroborate other studies that have used students in the role of teachers with good acceptance by themselves and by the target audience [28, 35, 42] . It also demonstrates the lack of training courses for local health professionals, as well as the social role that the students can represent, as agents of transformation of the environment where they are involved.
It seems logical to think that the improvement in performance and knowledge found after the teaching of Cardiopulmonary Resuscitation can be extended to a greater use of this teaching methodology in Medical Education, extrapolating its use to a potential improvement in the performance of other medical skills, showing similar results to those presented.
Conclusions
The BLS teaching activity has proven to be a viable and effective method to increase students' knowledge and skills, more effectively than lessons associated with feedback simulation. This allowed what was learned in the simulation laboratory by the medical students to be retained in a more efficient way. The feedback after the practical assessment, without the act of teaching, has not been enough to improve BLS skills. Students were able to play a social role by disseminating and replicating BLS knowledge to health professionals and laymen who were able to acquire knowledge and skills through the simulations. The university, going beyond its walls and interacting with the community, plays its part in social accountability. 
